Kithul (Caryota urens) flour has better gel-forming ability among other flour in the food industry. This study aimed to utilization of Kithul flour as substitute to existing plant origin gelling agent for food applications of vegetarians .Fruit based desserts can be produced using Kithul flour as the gelatinizing agent. This wood apple based dessert is the best example for that. The selected best sample with 1:1.5 flour: fruit pulp ratio, gave acceptable results as SLS standards 586:1982 and SLS standards 729:1985 for the tests done (sensory evaluation, Microbial analysis, pH and brixº). According to the shelf life studies the product with added preservatives can be kept at room temperature for 2 months in acceptable condition (sensory and microbiologically) . According to the proximate analysis energy generation from 100g of the product is 262.28 Kcal. Compared to fruit jellies which prepared by pectin as plant-based gelling agent, Kithul dessert has more nutrients, and considerable amount of minerals with less carbohydrate and low calorie. This is a cost effective product which can earn considerable profit by marketing as a nutritious dessert by combination of high swelling flour with seasonal fruit.
INTRODUCTION
Gelatin can be made from many different sources of collagen, and all major sources are of animal origin (Shyni etel, 2014) . Only few non-animal origin gelatinizing agents are available in the world, such as seaweed and pectin (Institute of Food Research). Gelatin can be used as either a processing aid or an ingredient (GMIA, 2012) . Food habits in the world have started to change in the recent past, more people are becoming vegetarians and there is an increasing demand for vegetarian food. Therefore animal-based products and animal origin ingredients are rejected by a group of people in the society (Morrison, 1999) . On the other hand raw material for production of gelatin from fish has failed to gain consumer's trust because of the allergic factor (Rammaya etel, 2012) . Since gelatin, which is the main gelatinizing agent used in food industry, is of animal origin, there is a desperate need for a non-animal origin substitute to meet the increasing demand. Researchers are trying to study different ingredients to produce stable and palatable gelatinizing agents that can meet market requirements. Kithul flour, which is a low-cost and nutritious alternative for gelatin, brings the solution for this requirement. People believe that the intake of Kithul products is healthier (Seneviratne, 2011) . A porridge prepared from Kithul flour which is called as "Kithul kenda" is prescribed by Ayurvedic physicians to treat gastric ulcers, migraine headaches and rheumatic swellings (Seneviratne, 2011) . Current Indian food industry's keen attention is being focused on the plant resources as uncommon food resources in the wild (Rajyalakshmi, 2004) for their potential in new product development. Especially Kithul flour has major attention as it is equal in quality to one of the commercially best sago obtained from Metroxylon sagu (Wealth of India). Based on these factors there is growing demand for Kithul products in local as well as export market. But it is difficult to find high quality Kithul products in the market due to lack of quality control measures (Seneviratne, 2011) . However there is great potential to improve this industry up to export of products specially as gelatinizing agents for vegetarians. The main objective of this study was to find out the possibility of using Kithul flour as a gelatinizing agent in the food industry. As native (Morton, 1987) , underutilized fruit with highly acceptable taste (Pansare) and number of health benefits, Wood apple (Limonia acidissima) be a better combination for this dessert. Developing a value added ready to eat dessert with organic, underutilized ingredients will be beneficial for expansion of the food industry as well as empower the rural economy in Sri Lanka with Kithul industry. On the other hand fruit-based product development plays an important role in the preservation and better utilization of fruits and vegetables in order to avoid the superfluity and utilize the excess during the off-season. It is useful to introduce novel product to extend storage life for better distribution for utilization in the off-season. Wood apple (Limonia acidissima) will have better utilization with mass production of this kind dessert products which could distribute with considerable time of shelf life.
MATERIALS AND METHODS

Procurement of samples:
Five hundred grams of Kithul flour were purchased at random from three households from Kandy district. Fully ripe wood apple (Limonia acidissima) with a sweet smell was purchased from Kandy area. Sugar, salt and potassium sorbate were purchased from a commercial market in Colombo. Sample preparation & Formulation: Kithul flour samples were sifted through a 355 μm sieve. Wood apple fruit flesh was scooped out using a spoon and mixed well with water as nearly double the weight of wood apple flesh. Through the mixing process pulp was separated using a muslin cloth. Weighed Kithul flour, sugar, and salt were mixed with fruit pulp according to the ratios given in Table 1 to obtain three samples with Kithul flour: fruit pulp ratios as 1:1, 1:1.5 and 1:2. The mixture was heated up to 80-90 o C until it gelatinized. Mixing was the essential step throughout the heating process. The gelatinized mixture was removed from the flame, weighed potassium sorbate (330 ppm) was added, and mixed well. Then the dessert was filled into cleaned cups. Proximate analysis & Sensory evaluation: Proximate analysis was carried out for the best sample selected by sensory evaluation studies. Moisture, total fat, protein (N × 6.25), ash and crude fiber content were determined according to AOAC (2000) methods. Carbohydrate Engineering International, Volume 2, No 2 (2014) contents were determined by difference sum of above categories. Mineral content was determined by dry ashing method (AOAC 2000) . The ash was dissolved in conc. HCl, filtered and dilute with distilled water. Prepared samples were analyzed with a standard series of solutions by Atomic Absorption Spectrophotometer (Thermo Scientific ICE3000 series). Samples were analyzed for pH (HANNA pH meter) and Brix value (hand refractometer). The Sensory evaluation was conducted to select the best recipe. Eight trained panelists and twelve untrained panelists evaluated the organoleptic properties (colour, odour, appearance, flavour, acidity, and overall acceptability) of samples using a 7-point hedonic scale. Shelf life studies: Shelf life studies were carried out at four different storage conditions: with and without preservatives at room temperature, and with and without preservative under refrigerated conditions (5 ºC). Yeast and mold tests (AOAC 997.02) were carried out at 0, 1, 3, 5, 10, 15, 20, 25, 30, 60, 80 and 90 days of storage. Statistical Analysis: Results were analyzed by Friedman test at 95% level of significance using computer aided MINITAB 17 Statistical Analysis Package.
RESULTS AND DISCUSSION
According to the sensory evaluation tests, around 80% of the panelists preferred the sample prepared using 1:1.5 ratio of flour: fruit pulp over other two treatments (Fig.1) . The recipe for this sample is given in Table 1 . Chemical composition of the product is given in Table 2 . Figure 2 shows the results obtained for microbiological evaluation of the products at different storage conditions. Potassium sorbate (E 202) was used according to the suitability of acidic medium. Though the used amount of Potassium sorbate (E202) was 330 ppm, it could be increased up to 1000 ppm according to the food act (Nutrition & Uva Wellassa Development, 2004) for further extension of shelf life. The critical point of this research project was to select a suitable fruit as the base of this dessert which align with one of this research objectives as minimum usage of artificial ingredients. After considering several factors, wood apple was selected as the fruit base for this product. The main reason for selection was the colour of the fruit. Kithul flour gives a brown colour after the heat treatment. If a fruit base with same colour is used, artificial colours are not required to mask unpleasant colours or differences of colour in the final product. Furthermore, wood apple has a pleasant aroma and flavour which can enhance the flavor of the product without adding any artificial flavour enhancers. Its sweet-sour taste is very acceptable among consumers. According to the Ayurvedic medicine wood apple has laxative effects (Pansare). The foods made with minimum usage of artificial chemicals are considered as healthier, so wood apple was selected as the fruit base. Other reason is wood apple is an acidic fruit. Foods with pH values below 4 have extended shelf lives because low pH retards the growth of bacteria and many yeasts and moulds. By giving high sugar concentration and low pH, a product's shelf life can be increased (AOAC, 2000) based on the principals of osmosis. Potassium sorbate was used as preservative which is more effective than sodium benzoate and sodium or calcium propionate specially in acidic medium as yeast and mold inhibitor (APAC Chemical Corporation). On the other hand potassium sorbate is GRAS (Generally Recognized As Safe) for use in foods, which have been approved as food preservatives by the U.S. food & Drug Administration. Based on these factors as well as a food additive/preservative since 1955, Potassium sorbate has selected as best preservative for this product development (APAC Chemical Corporation). As the final finding based on this study was Fruit-based desserts can be formulated successfully using Kithul flour as the gelatinizing agent. Microbiological quality and the Brix o value of the selected best sample (1:1.5 ratio of flour: fruit pulp) conform to SLS standards 729:1985 729: (SLS 729:1985 and SLS standards 586:1982 (SLS 586:1982 . According to the shelf life studies, the product with preservatives could be kept at room temperature for 2 months in acceptable conditions (sensory and microbiological, Figure 2 ). The moisture content of a product plays a considerable role in the textural properties as well as shelf life. This dessert has contained 34.07% of moisture while protein and total fat contents were 0.14 % and 0.12%% respectively. Crude fiber content was 0.14%. Carbohydrate content has calculated by difference of other proximate parameters as per the Table 2 . Because of the calculation method carbohydrate content depend on other parameters, such as moisture content, ash, crude fiber etc. which has showed 65% carbohydrate content. Engineering International, Volume 2, No 2 (2014) Dessert Sample was analyzed for six minerals and it showed significant amount as dessert (Table 2) . Potassium content was reported as 989.92 ppm in samples as highest content among checked six minerals. Sodium was 459 ppm while Iron was ranked as 3.55ppm, Zinc content presented as 1.79 ppm. Value of Manganese as trace element was 1.58 ppm which was showed lowest amount among analyzed six minerals of the dessert. This product has low o brix value as 30 which is usually consider equivalent to the percentage of sucrose (sugar). In order for a product to be shelf stable without refrigeration, it need the product to be at high ° brix. In other words it represents that there is sufficient dissolved solids (fruit pulp, together with sugar) and an insufficient amount of water in the product which is not enough to allow bacterial growth. But with the high ° brix product contains more calorie .So the purpose of the preservation has done through minimum amount of preservatives in this product to minimize caloric value. As shown in the proximate analysis, energy from 100 g of the product is 262.28 Kcal. Compared to fruit jellies which prepared by pectin as plant-based gelling agent (Tesco Fruit Jellies 200G) , this Kithul dessert has more nutrients, low calories, low carbohydrate and considerable amounts of minerals. This is a cost-effective product which can earn a considerable profit when introduced to the market as a nutritious dessert. At present, Sri Lankans use Kithul flour only for preparation of few traditional food items, such as 'Kithul Thalapa' and 'Dodol' (a sweet meat) (Seneviratne, 2011) . It is famous in rural areas in Sri Lanka. Gel forming ability is an important functional property of Kithul flour. This property can be used in the food industry not only for production of jellies, but also for several other applications including jams and jellies. Gel forming ability and the medicinal value of Kithul flour make it a valuable ingredient in food industry and Ayurvedic drugs.
CONCLUSION
Because of the high necessity due to number of industrial applications, a huge demand on few well-known plant based gelatinizing agent in food manufacturing. Therefore it is creating requirement on new sources for the continuous supply as commercially viable source for this requirement. The aim of the work reported herein as to undertake a comprehensive investigation on the better formulation and chemical properties of a fruit based dessert using flour obtained from Kithul (Caryota urens) tree as introducing gelling agent for food industry has succeed with the results of both sensory and proximate evaluation. It has reported 262.28 Kcal/100g of energy with low fat and low total soluble solids.
